Introduction
Epilepsy surgery is particularly effective in patients with type II focal cortical dysplasia (FCD), with a seizure freedom rate of up to 85% [1] that is probably due to an overlap between the anatomical lesion and the Epileptogenic Zone (EZ). In some cases, when the EZ is not properly identified, an invasive stereo-electro-encephalography (SEEG) may be required. During SEEG recordings, radiofrequency thermocoagulation (RF-THC) can be performed since there is increasing evidence that it can be beneficial to treat focal epilepsy particularly in patients with epileptogenic nodular heterotopy [2] .
We describe the case of a 37-year-old woman who underwent RF-THC for drug-resistant, MRI-negative epilepsy. As the procedure was only partially effective on her seizures, she also underwent resective surgery, thus allowing a direct correlation among SEEG recording, effect of RF-THC, high resolution ex-vivo imaging and underlying neuropathology.
Case report
She started daily drug-resistant seizures at the age of six characterised by two different semiology: (1) subjective feeling followed by hypermotor manifestations and (2) staring and confusion. The neurological examinations have always been normal.
Repeated MRI were always unrevealing and interictal PET showed hypometabolism in the anterior right temporal region. Video-EEG monitoring only recorded hypermotor seizures suggesting focal epilepsy in the right fronto-temporal regions, but without any precise localisation. SEEG investigation was planned using seven right temporal (I, A, B, D, T, U and W), six frontal (O, G, F, R, H and S) and two parietal electrodes (X, P) ( Fig. 1A and B) . The interictal recording showed a peculiar electrographic pattern pathognomonic of type IIb FCD in the deep contacts of electrode I (right temporal pole) (Fig. 1C) , characterised by repetitive ''brushes'' during wakefulness, and pseudoperiodic activity during non-REM sleep [1] , and rare slow waves and spikes and waves in the deep contacts of the more posterior electrodes A and B.
Only one spontaneous seizure with staring, long-lasting confusion, and out of context speech was recorded, with focal onset in the temporal pole and the orbital cortex, followed by a fast Seizure 41 (2016) [1] [2] [3] discharge in the orbital region, rapidly spreading to the temporal antero-mesial contacts. Low frequency stimulation (1/s, 2 ms) in contacts 4-5 of electrode A (amygdala) induced the usual epigastric nausea and feeling of fear, and high frequency stimulation (50/s, 2 ms) in contacts 2-3 of electrode I (medial temporal pole) induced a superimposable hypermotor seizure. These findings were interpreted as indicating a dual EZ: an orbital EZ spreading to the antero-mesial temporal lobe and responsible for the hypomotor seizures, and a temporal, antero-mesial (temporo-polar) EZ accounting for the hypermotor semiology. Thus, a RF-THC [2] was carried out using electrodes I (contacts 1-4 and 5-6), A (2-6), B (contacts 1-3) and O (contacts 1-3).
During the following six months, the patient experienced only subjective sensations but, dissatisfied, she agreed to undergo resective surgery involving the temporal antero-mesial regions and the fronto-orbital area. She has now been seizure-free for eleven months.
Ex vivo 7 T MRI were acquired only of the resected temporal pole using a 7 T horizontal-bore scanner (BioSpec 70/30 USR, Bruker, Ettlingen, Germany) equipped with 400 mT/m gradients.
High-resolution T2-weighted images were acquired using the following parameters: echo time = 60 ms, repetition time = 6 s, number of averages = 36, slice thickness = 0.4 mm, and 140 Â 140 mm 2 in-plane resolution. The temporal and frontoorbital specimens were processed for routine neuropathology. Additional sections of the temporal pole were processed for pS6 and pPDK immunoreactivity to document mTOR pathway activation.
The procedures were approved by the Ethics Committees and the resections were performed for strictly therapeutic after patient's informed consent.
The traces of electrodes I, A and T were seen in the 7 T MR images ( Fig. 1D and E) , whereas the other temporal electrodes were outside the resected specimen. The RF-THC volume of electrode I (in consecutive 7 T images) was 290 mm 3 , but the RF-THC related to electrode A was outside the specimen. The effect of the RF-THC of electrode I, clearly visible upon macro-and microscopic inspection (Fig. 1E and F) , was characterised by a necrotic area (11-13 mm in length, 2.5-3 mm in diameter), surrounded by 500-700 mm of disorganised tissue rich in reactive glial cells and inflammatory infiltrates. Dorsally to the lesion, there was a type IIb FCD characterised by disrupted cortical layering, dysmorphic neurons (DNs), some of them expressing pPDK immunoreactivity, and few scattered balloon cells (BCs) in the white matter distant from the necrotic region. Only mild disorganisation of the myelinated fibres was observed (Fig. 1F, I ). The ex-vivo T2-wi matched the histopathological slices; but even these high-resolution images failed to show any signal alterations in the region corresponding to the histopathologically defined FCD (Fig. 1E) .
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The posterior part of the temporal specimen was neuropathologically normal, and the traces of electrodes A and T were identified as hypointense 7 T MRI signals and characterised by reactive gliosis in the histological slices.
The other resected temporal areas revealed moderate gliosis of the mesial structures, a type Ib FCD in the orbital region, and gliosis in the remaining frontal areas. The effect of RF-THC was observed in the orbital region corresponding to electrode O outside the type Ib FCD; its histopathological characteristics were similar to those of the temporal specimen.
Discussion
Three main points arise from this case. (1) It is possible to correlate the SEEG signals with the presence and extent of the FCD: electrode I (within the lesion) recorded epileptiform abnormalities typical of this type of dysplasia, whereas electrode A (17 mm posteriorly to electrode I and outside the dysplasia) recorded epileptic activity different from that recorded by electrode I. This suggests that, at least in the presence of type IIb FCD, the EZ extends beyond the border of neuropathologically defined dysplasia, and implies the presence of an altered network around the FCD involving functional (but not anatomical) reorganisation and the generation of new ''effective'' connectivity [3] . Our report, similarly to others reported in the literature [4] encourages further investigations about the question concerning the overlap between the epileptogenic lesion and the epileptogenic zone for future development of less invasive surgical approaches. 2) The lesion caused by the RF-THC of electrode I resulted in unsatisfactory outcome due to the adjacent residual type IIb FCD. 3) Our patient was of the 10-15% of patients with type IIb FCD that cannot be detected by clinical imaging, and even ex vivo 7 T MRI of the temporal pole failed to reveal any signal alteration where the dysplasia was neuropathologically detected. These data confirm our previous findings suggesting that the absence of 7 T MRI signal alterations is related to the low density of the abnormal cells (DNs, but particularly BCs), and the only slightly disrupted myelinated fibres in the lesion.
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